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Sunday, February 16, 2014 21aexcitatory neurotransmitter, glutamate, to modulate synaptic transmission and
plasticity via a variety of effectors. mGluRs are class C GPCRs which are
characterized by their large, bi-lobed extracellular ligand binding domains.
Studies of the assembly of mGluRs have been limited to classical biochem-
istry and recently, bulk FRET, and have failed to fully describe how mGluRs
specifically assemble as homo or heteromers and interact with G-proteins in
the cellular context. We used a combination of optical techniques to examine
mGluR stoichiometry and to explore how these receptors activate in response
to ligand binding. Using single molecule fluorescence photobleaching in the
plasma membrane of Xenopus oocytes we confirm that mGluRs form both
homo- and heteromeric dimers. Furthermore, we have used truncations, muta-
tions, and chimeras to determine the mechanism of dimerization and hetero-
dimer specificity. Purification of full-length receptors from mammalian cells
followed by immobilization on a surface and single molecule fluorescence
counting have confirmed the results. In addition to studies of mGluR stoichi-
ometry we have used light-gated mGluRs which are based on the covalent
attachment of photoswitchable tethered ligands (PTLs) that work as agonists
or antagonists to study receptor cooperativity. PTLs provide the ability to
probe single subunit contributions to receptor activity using a ligand with
an extremely high local concentration that may be isomerized in less than 1
ms. We will report on experiments that use photoswitching in one or both sub-
units of a dimer to determine how ligand binding couples to receptor activa-
tion. Finally, we have used the absolute subtype specifiicity afforded by PTLs
to analyze the signal transduction properties and pharmacology of mGluR2/3
heterodimers.
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The prolactin receptor (PRLR) and the growth hormone receptor (GHR) are
archetypical members of the class-I-hematopoietic-cytokine receptor super-
family. They are single-pass transmembrane receptors operating as dimers
in the cell membrane. Receptors from this family are involved in many key
processes, and linked to numerous pathologies and cancers. Currently, the
cross-membrane signal transduction through these receptors is an enigma;
no structures of any class-I-cytokine receptor transmembrane domain
(TMD) has been solved, nor has a general mechanism been proposed to
account for the propagation of the hormone binding signal. Deciphering
the signaling mechanism and structural details of the TMD is a prerequisite
for understanding these receptors and for development of agonists and
antagonists.
With nuclear magnetic resonance (NMR) spectroscopy as the main tool, we
have investigated the structural characteristics of GHR-TMD and PRLR-
TMD and the influence of the solvent in which they are embedded. We have
recorded heteronuclear, multidimensional NMR spectra of the TMDs in
different membrane mimetics (micelles,bicelles,amphipols) of different lipid
composition. We have acquired residue-specific structural information on
PRLR-TMD and confirmed the predicted alpha-helical secondary structure.
Surprisingly, it is found that the structural characteristics of PRLR-TMD
embedded in DHPC micelles and POPC/POPS bicelles are equivalent. We
observe for both TMDs that the amount of available lipid solvent rather than
the membrane mimetics and lipid composition, perturbs the structural physiog-
nomies of the membrane-embedded domains. We hypothesize that these per-
turbations relates to the TMD dimerization. The NMR data combined with
chemical cross-linking suggest a weak intrinsic propensity of the TMD for
dimerization, and that entropic forces exerted by the surrounding lipids there-
fore may be crucial to drive the TMD dimerization and activation. These find-
ings encourage further investigations of the functional significance of the
receptor-membrane interplay.
Platform: Protein-Nucleic Acid Interactions I
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The lac operon is a well known example of gene expression regulation,
based on the specific interaction of Lac repressor protein (LacI) with its
target DNA sequence (operator). LacI and other DNA-binding proteins
bind their specific target sequences with rates higher than allowed by 3D
diffusion alone. Generally accepted models predict a combination of free
3D diffusion and 1D sliding along non-specific DNA. We recently developed
an ultrafast force-clamp laser trap technique capable of probing molecular in-
teractions with sub-ms temporal resolution, under controlled pN-range forces.
With this technique, we tested the interaction of LacI with two different
DNA constructs: a construct with two copies of the O1 operator separated
by 300 bp and a construct containing the native E.coli operator sequences.
Our measurements (see Figure) show at
least two classes of LacI-DNA interac-
tions: long (tens of s) and short (tens of
ms). Based on position along the DNA
sequence, the observed interactions can
be interpreted as specific binding to oper-
ators (long events) and transient interac-
tions with nonspecific sequences (short
events). Moreover, we observe continuous
sliding of the protein along DNA,
passively driven by force applied with
the optical tweezers.
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DNA translocation is a fundamental process in biology, required for essen-
tial cellular processes including recombination, replication, and chromosome
segregation. The SpoIIIE motor is a homo-hexameric dsDNA translocase,
part of the ASCE [Additional Strand Conserved E (glutamate)] superfamily
of oligomeric ring NTPases. SpoIIIE is found in the bacterium Bacillus sub-
tilis, its biological role is to actively translocate DNA to ensure the proper
segregation of sister chromatids. SpoIIIE accomplishes this task by coupling
the chemical energy provided by ATP to generate mechanical work, pump-
ing the DNA across a cellular membrane at a rate of 4 kbp/s. While gener-
ating mechanical work is a common function of ring NTPases, the timing
and order of individual power strokes applies this work in a nuanced
manner to better suit particular biological tasks. Understanding the mechan-
ical aspects of fast DNA translocation provides a unique insight into the
diverse mechanical strategies employed by these large class of ring
NTPases.
Using single-molecule optical trapping techniques, we present real-time mea-
surements of SpoIIIE DNA translocation. By challenging the motor with
different lengths of modified DNA substrates, we have determined that
SpoIIIE makes critical phosphate contacts with the DNA backbone during
translocation and characterized the periodicity of motor-DNA interactions,
suggesting a fundamental step size of 2 bp. Finally, velocity dependence on
an applied external load and ATP analogues has given insight into an emerging
mechanochemical model of DNA translocation, suggesting a unique partially
coordinated mechanism of hydrolysis between the individual subunits of
SpoIIIE.
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We are using optimized variations of a force-free single-molecule technique,
known as Tethered Particle Motion (TPM) to study protein-DNA dynamics
and protein folding/refolding in their natural form. First we use it to quan-
titatively describe how HU protein alters the DNA persistence length with
regard to its concentration by locally bending or unbending different regions
in the DNA and hence, changing the local flexibility of the DNA chain.
A second variation of the TPM method enables us to track the folding
and unfolding of single polypeptide chains composed of I27 tandem repeats
using either chemical denaturation (force-free) or force unfolding using flow
or AFM.
